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THE WEATHER AND  CIRCULATION OF DECEMBER 1956' 
A  MONTH  WITH  LARGE  WEEKLY  FLUCTUATIONS 

RAYMOND A. GREEN 

Extended Forecast  Section, U. S. Weather  Bureau.  Washlngton, D. C. 

1. ZONAL INDEX AND  GENERAL  CIRCULATION 

December's mean  circulation  in  the  Northern  Hemi- 
sphere was quite  asymmetrical  about  the  North  Pole,  as 
shown by  the fields of mean 700-mb.  height and  its  de- 
parture  from  normal (fig. l). The  large  positive  anomaly 
over northern  Siberia,  for  instance,  contrasted  with  nega- 
tive values a t  similar  latitudes  in  the  Western  Hemisphere. 
I t  is not  unusual  for  adjacent regional circulations to  be 
different in  form,  in  the sense that one  may  exhibit  high- 
index characteristics while  low index  is  observed in t,he 
other [I, 2, 31. Such was the case in  December 1956. 
It is  perhaps  more  unusual  for  the  entire  Western  Hemi- 
sphere to fit into  the high-index category as well as it'  did 
this month. 

While  no quantitative  measure of circulation indices 
is routinely  available  for  the  Eastern  Hemisphere,  the 
departure  from  normal (DN) pattern  in figure 1 leaves 
little  doubt  that a low  zonal  index  and  high-latitude block- 
ing were dominant  features of the  circulation  in that 
region. The positive  anomaly  center  ($550 ft.) over 
northern  Siberia  was  t'he  largest  700-mb.  height  departure 
from normal  in  the  Northern  Hemisphere. An  extension 
of the  surrounding  positive D N  field eastward  to  the 
Bering Sea was  accompanied by a large  area of negative 
anomaly  in  the  west-central Pacific. 

Eastward  from  the  central Pacific, however,  the  pattern 
exhibited a number of features  typically  associated  with 
high index,  among  them an  unusually  deep  Icelandic Low 
and  abnormally  strong  subtropical ridges in  the  eastern 
Pacific and  western  Atlantic Oceans.  Some  westerly 
component of mean 700-mb. DN flow was  observed  over 
the  entire  extensive  area  bounded  by 40' and 60' N. hi,, 
and 140' W.  long.  eastward  to  central  Europe. 

An index cycle of some  5  weeks' duration was terminated 
with  December's  high  values  shown  in figure 2. The cycle 
was remarkable because of its  amplitude,  with  a  range 
of more than 9  meters  per second in  &day  mean  values, 
from  a low of 6.5 m.  p. s. in  late  November  to  a  high of 
16 m. p. s. in  December.  Namias [l] indicated  t'hat 
November might be a favorable  time  for  index cycles, 
although  the  principal cycle usually  occurs  in  February 
or  March.  The  marked  variations of t'he  West'ern  Hemi- 
sphere zonal index  this  mont'h will be discussed in  subse- 
quent  paragraphs on intramonthly  variability. 

1 See Charts I-XVII following p. 458 for analyzed climatological data for the  month. 

TABLE l.--Station,s  reporting  highest  average  December  temperature 
( O F . )  of past  ii0 years  in December 1956. All are  new  records except 
those  marked * 

Positive 
Station departure Mean  tem- 

perature from 
normal 

____ "_ ____ 
Macon. Ga---.--------- .-  .-........ ~~~~~~ ...... ~~~~.~ ...... ~~. 

46.5 Baltimore, Md.-..-.- ........ ~~~~~~.~ ....- ~~~~~~~ .... ~.~~~~~~~ 

6.6 56.3 

9.2 42.1 Elkins,\V.Va-.-..  .......................................... 

8.8 46.9 Charleston, W. Va.."""." .......... ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ . ~ . ~  ...... ~ 

9.4 48.9 Richmond,Va ................................................ 
9.4 52.2 h-orfolk, Va- ..... ~ . . . ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~  ........... ~~~~~~~~ ....... ~... 

8.8 47.7* Lynchburs, V - - - - - . "  ........... ~~~~~~ ........ ~ . ~ ~ ~ . ~ ~  

8.7 50.3* Nashville,  Tenn ...... ~ . ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  ...... ~ . ~ ~ ~ ~ . ~ ~  .-.... ~~ 

10.4 51.4* Knoxville,Tenn .... ~ ~ ~ ~ ~ ~ . ~ ~ . ~ ~ ~ . ~  ......... ~~~~.~~ ........ ~~~ 

9.3 51.4 Chattanooga, Term".- .... ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . .  

9.8  56.3 Florence, S. C - - . - - - - - - - - - -  .......- ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~  ........ ~~.~~~~ 

9.2 56.2' Columbia, S. C"" .......... ~~~~~~~~~ ......... ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ . . .  

9.2 49.8 Winston-Salem, 5 .  C ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ . . ~ ~ . . ~ ~ ~ ~ ~ ~  .... ~ ~ ~ ~ . .  

10.1  53. 1 Charlotte,  N. C."""" ....- ~~~~~~~~~~~~.~ ........ ~ ~ ~ ~ ~ ~ ~ ~ ~ . .  

9.1 49.3 Asheville,N. C"" ...... ~ . ~ ~ ~ ~ ~ ~ ~ ~ . ~  ..... ~~~~~.~ ............ ~ 

I. 0 45.2 AtlanticCity, N. J-...-" ........ ~ ~ ~ . ~ ~ ~ ~ . ~ . ~ . . ~ . ~ ~ ~ ~ ~ ~  ..... ~. 

I. 7 

*Higher  temperatures were observed  in  December 1889. 

The  geographical  distribution of wind  speeds at  700  mb. 
accompanying  Siberian  blocking  and  downst'ream high- 
index  is well illust'rated  in figure 3. In  the Pacific the 
mean  700-mb. jet  stream was depressed southward from 
both  the  November 1956 (dashed)  and  the December 
normal  (not  shown) positions. Downst'ream however, 
the westerlies were close to  t'heir  normal  December loca- 
tion,  but  unusually  strong,  as  shown  by wind speeds in 
excess of normal (fig. 3B)  along  the  entire  route of the 
mean 700-mb. j e t  stream. 

2. ZONAL INDEX AND  UNITED  STATES  WEATHER 

United  States  temperatures  reacted to the increased 
zonal  index  in  striking  fashion by warming extensively 
(with  respect  to  normal)  over  the  preceding  month. Of 
100 representative  stations, 79 were  warmer  than in 
November  by  one  or  more  temperature  anomaly classes 
(out of 5)  and  only 6 were colder by  a t  least one class. 
One or more  stations  in 8 States  reported  record high 
average  temperatures for December (see table I), while 
new  record  daily highs were  establislled  in 27 States. 

Much  above  normal  temperatures  in  the  East (see 
Chart I-B) were closely related  to t,he unusual  strength 
of t'he Bermuda  High.  Figure 1 shows  positive values of 
700-mb.  height  anomaly  over this  area,  t'ogether  with a 
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southerly  component of 700-mb. DN flow. Less directly 
related was the  northward  displacement (from normal) 
of preferred pat,hs of daily  systems  (Charts IX and X). 
The principal  anticyclone path in  figure 4B, for  instance, 
illustrates  t’he  tendency  for cold polar  continental  Highs 
to “glance” eastward  this  month,  instead of penetrating 
the  subtropical ridge in  the  Southeast. According to 
Klein [4], an ant’icyclone  tsack of this  sort,  passing  just 
north of the  Great  Lakes, is quite common in  winter  when 
the westerlies are  strong. 

The weather  in  the east,ern llalf of the  United  Stat’es 

index  values,  probably  because of the  abundant  moisture 
supplied by sout,herly DN flow from  the Gulf. Figure 
4A,  showing the  paths of maximum cyclone  frequency, 
helps  explain the  rather  complicated  distribution of pre- 
cipitation  in  the  eastern  United  States, where three 
separat,e  bands of above  normal  amounts were located 
(Chart 111-B). Heavy  precipitation  near  the  north  central 
border and  from  Missouri to New  England was attribut- 
able  to cyclone activity.  The  southernmost zone, from 
eastern  Texas  to  the  southern  Appalachians,  probably 
result,ed  from  lifting, partly  orographic  and  partly  frontal 

was not predominarlt,ly dry as customary  with high  zonal in nature. 
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More in  line  with  the  usual high-index pattern were the 
large amounts of precipit,ation  in the  Northwest  and 
lesser amounts  downstream, where the moisture  had  been 
removed by orography. In the  Southwest, where any 
northeasterly  component of DN flow lessens the likelihood 
of precipitation,  amounts were very small. Dry hot, 
winds over  southern  California’s  forest regions the  last 
three weeks of December  renewed  the  serious  threat of 
fire so prevalent  in  November. 

After the  temporary  drought relief in Oct80ber  described 
by Hawkins [5] many  critical  areas finished the  year  wit8h 
little  additional  precipitation.  This was  part’icularly 
true of western  Oklahoma  and  Texas,  and  central  Kansas. 
The  year  ended  as a record dry one  over  portiorls of Iowa, 
Kansas,  Oklahoma,  Texas,  New  Mexico,  Arizona,  and 
Florida. The  greatest deficit,s in  Florida occurred in 
coastal areas of the  southern half of the  State. 

3. INTRAMONTHLY VARIABILITY 

Dunn, in the previous  article of this series [SI, described 
the  pronounced intramonthly  fuctuation of circulation 
and  weather  patterns  in  November  and  pointed  out 
indications of some  stabi1it)y of circulation  in the  last  two 
weeks. The persistence  was  short-lived,  however,  and 
subsequent  changes  seemed  large  enough  to  justify con- 
tinuation  into  December of the  analysis  by weekly periods. 
Five-day  mean  700-mb. charts in figure 5 and wind profiles 

in figure 6 were  selected to represent,  circulations  associated 
with  the  7-day periods of t,emperature  anomaly shown in 
figure 7 and  the  precipitation  t’otals  in figure 8. 

Some  idea of the  magnitude of Western Hemisphere 
circulation  changes  during  the  month is shown  in  figure 2, 
where  5-day mean  values of t8he  zonal  index are rep- 
resented by the solid curve. The  similarity  between  the 
index  behavior  in  November  and  December  is  shown by 
this  curve,  in  that  the  highest  values occurred toward the 
middle of each month  with  much lower values a t  either 
end.  The overall  average  was  much  higher,  however, 
in  December  than in  November.  Another  feature com- 
mon  to bot,h months was  a  reversal  in  United  States 
circu1at)ion. Both  mont,hs  began wit,h a mean  trough in 
t,he  West and  a  mean ridge in t8he East,  and  ended with 
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FIGURE 4.-Frequency of cyclone  passages (A) and  anticyclone 
passages (B) (within 5' squares at 45" N.) during  December 1956. 
Well-defined  cyclone tracks  are  indicated by solid  arrows  and 
ant~icyclone  t>racks by open  arrows. 

the  opposite  pattern.  The 700-mb. maps of the final week 
in each month were remarkably alike. 

DECEMBER 3-9 

The  &day  mean 700-mb. height  and  departure  from 
normal  chart  for  December 4-8 (fig.  5A) displays a strong 
blocking  anticyclone  over  the  Bering  Sea.  This cerlter 
is believed to  have been  largely  the  result of discontinuous 
retrogression,  in  a  week's  time, of a mean  ridge  from 
western North America. To  its  south  a  mean  trough, 
associated  with  negative  700-mb.  height  anomalies of more 
than 600 feet,  remained  nearly  stationary. 

During t'he same week the  &day  mean ridge over  the 
western United  States was replaced by a mean  t.rough. 
A similar  reversal  took place in the  eastern  United  States, 
where a 380-foot negative DN center  was replaced by the 
370-foot positive  center  shown in figure FjA. In  the 
Atlantic  the  pattern  flattened considera'bly and  the 
westerlies increased a t  mid-latitudes,  as t.he zonal indcx 
continued  to rise from  t'he  strongly below normal  values 

of late  November (fig. 2). The 5-day  mean  wind  speed 
profile in  figure 6A clearly  outlines  the  latitudinal ext'ent 
of t,he  wind  speed deficit with  respect  to  normal  during 
this week. 

Over  the  United  States  there  appeared  an  apparent 
deviation  from  the  usual  relationship between  surface 
kmperature anomaly  and 700-mb. DN flow  [7]. While 
the D N  flow reversed  completely  from  north-northeasterly 
to south-southwesterly  over  the  central  United  Sta,tes, 
surface  temperatures fell sharply (fig. 7a). This was due 
t'o the  intrusion of an extremely cold but shallow mass of 
Arctic  air  into t,he United  States  from  Canada.  The 
propelling fane for  this cold air  outbreak is shown by 
strong  northerly DN flow ove,r Alaska  and  western  Canada 
in figure 5A. Since the shallow  cake of air was shielded 
from  opposing upper-level flow by  the  Rocky  Mountain 
harrier,  its  momentum was sufficient to allow strong 
southward  penet,rat,jon  into  central  United  States. 

The  front a t  the  leading edge o€ the cold air  mass 
became nearly  stationary in the  eastern  United  States 
and  the  Southern  Plains in a  zone  delineated  rather 
well by  the  southern  boundary of heavier  precipitation 
observed  for  the week  (fig. sa).  The adjoining  article 
by  Smith  and Wilhelm [8]  describes the  precipitation 
associated  with  this cold front,  as  warm Gulf air  overran 
the cold polar  air. Lesser amounts accompanied the 
cold front  as  it moved slowly, but  with  limited  moisture, 
over and  west of the  Continental  Divide.  The  mean 
trough and  orographic  features  along  the West  Coast 
contributed to  significant precipitation  totals from central 
California  northward. 

DECEMBER 10- 16 

Much of the  positive  anomaly  center associated with 
the  Bering  Sea blocking  antmicyclone of early  December 
had  retrograded to northern  Siberia  by  mid-month. 
During  the  same  period  a  mean  trough  near  the  eastern 
Asiatic coast  weakened a t  all but low  latitudes.  Thus  the 
Pacific was left  with but one  mid-latitude mean  trough, 
represented in the D N  pat,tern  by a large  area of below 
normal  anomaly in the  west  central Pacific (fig. 5B). 
This  latter mean  trough  had  retrograded  to a position 
favoring  the  wavelength  adjustment which was partly 
responsible for rising zonal  index  downstream. 

The 5-day  mean  zonal  index for  the  Western Hemisphere 
this week  reached 16 meters  per second, the highest ob- 
served for any 5-day  mean  period of the 14 Decembers 
of record. Factors  associated  with  this high index value 
included strong  development of the  eastern Pacific and 
Bermuda  Highs [I ,  91 and  a vigorously deepened  Ice- 
landic Low. 

Figure 2 illustrates  the  rapidity of the index changes, 
and figure 6, the  latitude  band  most affected by  the 
changes. For  instance, in figure 6B the 5-day  mean  wind 
speed  between 4 5 O  N. and 50' N. increased over 10 
m. p. s. from  the  December 4-8 value. 

Rising  heights  and increasing westerlies at  the 700-mb. 
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FIGURE 5.-Five-day mean 700-mb. contours  and  height  departures  from  normal  (both  in  tens of feet) for  selected  periods  in  December 
1956 one week apart.  Lack of persistence  from week t o  week was an  outstanding  aspect of circulation in December. 

level over  western United  Stat,es caused rapid  warming 
over this  area.,  except  in  Arizona  and  New Mexico where 
northerly D N  flow prevailed.  Foehn  warming  just  east 
of the  Continental  Divide  was extensive  from Montana 
to the  Texas  Panhandle,  but'  some cooling accompanied 
a new  wedge of Canadian  air in a  broad zone roughly 700 
miles  wide from eastern  Texas  to  southern  Lake Michigan 
(see  fig. 7b). W'hile this  outbreak of Continental  Polar 
air was weaker than  it's predecessor,  associated frontal 
precipitation  amount,s  were  enhanced by an  approaching 
mean trough (fig. 5B), and  large  totals were accumulated 
from 1,ouisiana to t,he southern  Appalachians.  Damaging 
storms of freezing rain a d  snow  in the  Northeast,  and 

hravy  frontal  and  orographic  rains in the Northwest 
l~ighlighted  the week's precipit'at'ion patt'ern. 

DECEMBER 17-23 

C'llsngrs this week  were much less pronounced in the 
Western  Hemisphere  t'han in the  previous week,  with 
small  displacement  and  weakening  centers of act>ion  the 
general  rule.  Not'able  exceptions were cyclonic develop- 
ment in the Gulf of Alaska and rising  heights in the 
Korth  European-Icelandic  area (fig. 5C). Zonal  wester- 
lies (figs. 2 and 6) diminished as the  Icelandic Low filled 
and  the western Atlantic  mean  ridge  weakened  and 
retrograded.  Positive values of 700-mb.  height  anomaly 
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FIGURE 6.-Five-day mean  zonal  wind  speed profiles in  the  Western  Hemisphere (0' westward to  180O) for following periods (corresponding 
to those  in fig. 5 ) :  (A) Dec. 4-8, (B) Dec. 11-15, (C) Dec.  18-22, (D) Dee. 25-29, 1956. Note  sharp  increase  in westerlies at mid- 
latitudes  from A to B and decline  from B to  C. 

bridged the  United  States  mean  trough  in  the  North, 
leaving  the  most  active  portion  in  the  Southwest,. 

These  circulation  changes  encouraged  furt'her  warming 
across the  northern  t'hird of the  United  States (fig. 7c), 
except for New England where progressively weaker bursts 
of cold air still had a cooling effect. The  Southeast 
remained  much  above  normal for the  third  consecutive 
week, and  the  Sout'hwest  remained cool under tJhe in- 
fluence of northeasterly DN flow in the  mean  trough. 

Precipitation was moderate  to  heavy in a  broad  band 
from  central  Texas  to  northern  Florida,  extending  north- 
eastward  to  sout'hern Michigan and  sout,hern New 
England.  Over-running  moist Gulf air was also responsible 
for widespread fog over the  eastern half of the  United 
States,  thus  hampering  air  transportation  during  the 
pre-Christmas  weekend. 

DECEMBER 24-30 

and  pushed  into western North America. The mean 
trough in southwestern  United  St'ates  grew in amplitude 
and  intensity  as  it progressed to  eastern  United  States. 
It is surprising  to  note that these  pronounced  changes in 
10ngit~udinal position and  amplitude of wave train com- 
ponents  from  the  central Pacific to  the western Atlantic 
produced relatively  minor changes in  the wind  speed pro- 
file  (fig. SD), and  the zonal westerly  index (fig. 2). 

Oscillation of the  United  States 700-mb. mean  pattern 
from that observed  early in the  month (fig. 5A) had,  by 
the final week of December,  produced a picture  very 
similar to that of November's final week  (fig. 6 of [SI). 
The oscillation was strongly reflected in the  temperature 
pattern, especially in the  Southeast where temperature 
anomalies  decreased by 12 to 15' I?. A well developed 
Great  Basin  High  expanded  the  area influenced by radia- 
tional cooling, and  warming  (with  respect  to normal) 
occurred  over the  Great  Plains. 

Extreme changes  from the  previous week over  virtually Some modification of the  precipitation  picture accom- 
the  entire  Northern  Hemisphere can be seen by compar- panied the  strong  ridge  buildup  in  the  West  and eastward 
ing  the  patterns of figure 5D and 5C. Rises a t  700 mb. progression of the  mean  trough.  Both changes  tended to 
of 600 to 800 feet  over  Scandinavia  contributed  to  almost dry  out  the  country,  the  former  by increasing stability 
complete  breakdown of the  Siberain blocking High,  rem- and  the  latter  by  cutting off the Gulf moisture source. 
nants of which were joined with  the  subt'ropical  ridge off 
the  east coast of Asia. Farther  downstream, t h e  Pacific 

~- 

4. SUMMARY 

mean  trough  remained  strong  and progressed to  the  central The  general  circulation of December 1956 was  mainly 
Pacific, while the  eastern Pacific mean ridge built  strongly comprised of two separate,  interdependent, regional pat- 
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FIGURE  7.-Departure of average  surface  temperature  from  normal  FIGURE  8.-Total  precipitation  (inches).  (a)  Dec. 3-9, (b) Dee. 
(" F.),  centered  on  weekly  periods  corresponding to  those of  6-10, (c)  Dec. 17-23, and  (d)  Dec. 24-30, 1956. (From same 
figure 4, (a) Dec. 3-9, (b) Dec. &IO, ( e )  Dee. 17-23, and (d )  source  as  figure 7 . )  
Dee. 2430.  (From Weekly   Weather   and  Crop Bullet in ,   Nat ional  
S u m m a r y ,  vol. XLIII, Nos. 50-53,  Dec. 10, 17, 23, 31, 1956). 
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terns.  Low-index and blocking  characterized  the  Eastern 
Hemisphere  circulation, while in the  Western  Hemisphere 
the 5-day  mean  zonal  index  reached its  highest  December 
value in 14 years of record. 

Unit,ed States  t,emperat>ure anomalies reflected the 
high-index character of t’he  Western  Hemisphere  circula- 
tion by warming a t  least  one class from  the previous 
month  at 79 of 100 representative  stations  to  break 
records  for t’he month in 8 St’ates  and  daily records in 27 
States. 

Intramonthly  variabilit’y was a  conspicuous  circulation 
feature,  as evidenced by  fluctuations of the zonal  index 
and a  complete  oscillation of the  mean  trough-ridge  struc- 
ture  over  the  United  States. 
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